Abstract -Decompressive craniectomy (DC) has demonstrated efficacy in reducing mortality in hemispheric infarction of the middle cerebral artery. The aim of our study was to compare the outcome of patients submitted to DC to patients treated in a conservative way. Eighteen patients were submitted to DC and 14 received conservative treatment. Neurological status was assessed by the Glasgow Coma Score and National Institutes of Health Stroke Scale score. Mortality, modified Rankin Scale and Barthel Index scores were assessed at 90 days to evaluate outcome. We did not observe reduction in overall mortality and functional outcome in patients submitted to DC. The differences between our group and previously published series are probably related to the neurological status of the patients at the time of therapeutic decision.
Decompressive craniectomy (DC) has been used to treat intracranial hypertension and cerebral edema associated with several causes. In 1905, Cushing was the first to describe this procedure in the treatment of brain tumors 1 . Today, DC is the main treatment option for other diseases, such as brain trauma 2 , subdural and epidural hematoma 3 , edema due to subarachnoid hemorrhage 4 , cerebral venous thrombosis with intractable intracranial hypertension 5 , cerebellar infarction 6 and hemispheric infarction of the middle cerebral artery (HI) 7 . HIs occur in strokes with occlusion of the distal internal carotid artery or the proximal middle cerebral artery. They represent 10 to 15% of overall strokes 8 . Clinical worsening related to cerebral edema occurs two or three days after the stroke onset, and is associated with high early mortality 9 . DC increases cerebral perfusion, preventing infarction enlargement, and attenuates the expansive effect of edema that leads to cerebral herniation 10 . Recent international trials showed the importance of DC in reducing mortality and morbidity in HI 11 . Few Brazilian studies have analyzed the efficacy of DC in HIs. Nobre et al. worked on a retrospective study, with 34 patients submitted to DC. The authors concluded that men over 50 years have the worst outcome after DC 12 .
The aim of our study was to compare the outcome of HI patients submitted to DC to patients treated in a conservative way. August 2006. HI was an acute ischemic stroke defined by CT as a large parenchymal ischemic lesion that involved at least 50% of the vascular territory of the middle cerebral artery, or the anterior and middle cerebral arteries territories simultaneously, associated with early brain swelling signs, such as midline shift, compression of the lateral ventricles and basal cisterns. Patients with prior poor clinical conditions (mRS ≥02), those with other critical diseases that affect clinical prognosis, and those who died during surgery were excluded. Epidemiological data were obtained from medical records. We have selected the clinical neurological parameters Glasgow Coma Score (GCS) and National Institute of Health Stroke Scale (NI-HSS) scores and outcome measures modified Rankin Scale (mRS) and Barthel Indice (BI) scores that were systematically registered by the neurological and stroke team upon hospital admission, at the time of therapeutic decision and in a follow-up at 90 days.
This study was approved by the Ethics Committee of Hospital S.Paulo (UNIFESP-EPM) and a signed informed consent was obtained from all patients or their legal representatives.
Statistical analysis
Statistical analyses were performed using SPSS software version 10.0 (SPSS Inc). A descriptive analysis, including mean±SD and median, was used to describe patient data. Parametric data was expressed as mean±SD and was analyzed by t-test. Nonparametric data was expressed as median and was analyzed by Kruskal Wallis test. Dichotomic data was expressed by percentage and analyzed by c 2 test and Fisher's exact test. Statistical significance was assigned to p value<0.05.
reSULtS
Thirty-two HI patients were analyzed. Eighteen patients were submitted to DC and 14 received conservative treatment (Ct). The therapeutic decision to perform DC was evaluated by the neurosurgeon on call at the neurological emergency department.
Demographic data
The median age of our patients was 59.1±18 years (range 17-93 years). Patients in the operated group were younger (52±15 years) than those with Ct (68±17 years), while patients who received Ct had a higher educational level than those submitted to surgery.
Admission to the hospital
The mean time between the onset of symptoms and admission to the emergency room was 6.3±11.3 hours (range 0.5-50), and did not differ between the two groups. Table 1 summarizes the clinical characteristics of the patients upon admission. The GCS and NIHSS scores did not differ between the two groups. In addition, there was no statistical difference in arterial blood pressure and capillary glucose level, between the two groups at admission. Nearly 15% of all HI patients were submitted to thrombolytic treatment.
Therapeutic decision
The mean time between the onset of symptoms and therapeutic decision among our HI patients was 35.4±27.1 hours and did not differ between the two groups. Fifty percent of our patients submitted to DC were treated in less than 24 hours of symptoms onset. However, at therapeutic decision, patients submitted to DC had lower GCS scores than those with Ct. In addition, NIHSS scores were also worse in those selected to DC. There was a rapid neurological deterioration between admission and therapeutic decision in both groups, marked in those patients selected to DC, as demonstrated in Figures 1 and 2 . All patients in the DC group had a decreased level of consciousness and almost half of them showed unilateral fixed and dilated pupil at the time of therapeutic decision ( Table 2) .
Follow-up at 90 days after therapeutic decision Mortality, GCS, NIHSS, mRS and BI scores did not differ between the two groups at 90 days (Table 3) .
diScUSSiOn
Many international studies confirmed that age is the most important predictor affecting outcome in DC [13] [14] [15] . Eighty percent of 75 patients over 50 years had poor functional outcome or death when treated with DC, while in younger patients, these endpoints occurred in only 32%. our DC patients have been selected within the theoretically ideal age group (<60 years) to obtain good results with this procedure.
Patients in both groups arrived early in the Emergency
Department. This is probably due to the severity of the neurological deficits that leads the patient and the family to seek out hospital care immediately 16 . Despite early arrival, the decision to perform DC in our patients was delayed. This time frame between hospital arrival and therapeutic decision-making probably played an important role in the neurological deterioration and the outcome in HI patients.
Kilincer et al. showed that a pre-surgery GCS>8 is an important determinant of a favorable outcome 17 . Performing surgery on several patients with clinical signs of brain herniation was probably one of the most important reasons for the lack of clinical benefits from DC in our group.
Most of the studies on DC in HI patients evaluated outcome after 90 days. In a study with 118 patients, 63 submitted to DC, Schwab et al. demonstrated the great benefit on mortality reduction in patients with HI submitted to DC. Results were even better when surgery was performed earlier than 24 hours, causing an extraordinary decrease in deaths and a mild improvement in functional outcome 10 .
Besides the timing to perform DC in HI patients, neuroimaging seems to be another important tool to select the ideal patient. Der-yang Cho et al. used diffusion (DWI) and perfusion (PWI) sequences of magnetic resonance (MRI), and proposed the new concept of ultra-early DC (<6 hours from onset) 18 . The authors obtained excellent results, with mortality lower than 10% and a better functional outcome than prior studies. Thomalla et al. studied the role of early MRI to predict the occurrence of HI. Thirty-seven patients with acute HI were submitted to DWI, PWI, and MR angiography within 6 hours of symptom onset. Predictors of HI were as follows for sensitivity and specificity, respectively: apparent diffusion coefficient (ADC) <80% >82 ml (87% and 91%), time to peak (TTP) >+4s >162 ml (83% and 75%) and TTP/ADC mismatch ratio <2.4 (80% and 79%) (p<0.05) 19 . Although there was a significant difference in the clinical parameters in our patients at the time of therapeutic decision, we could not detect any differences in the outcome at 90 days follow-up visit.
our initial results were not as encouraging as the previously published ones 10 . We could not observe a significant reduction in overall mortality, when comparing patients treated with DC to Ct. The lack of benefit of DC in our study group is probably a consequence of performing late surgery in patients with rapidly evolving clinical signs of brain herniation and less salvable brain tissue. This fact may suggest that if patients submitted to DC had been operated in equal neurological conditions that those indicated to Ct, they might have had better outcome.
Early DC, performed within 24 hours from stroke onset, is a well established option of treatment in HI, in which thrombolysis was unsuccessful. Hypothermia maybe another possible early synergic therapy in future trials with HI patients. When combined to DC, hypothermia seems to reduce the final brain infarction volume, improving neurological outcome 20 . It is obvious that intensive care conditions play an additional important role in the final results of DC. Control of temperature 21 , arterial blood pressure 22 , glycemia 23 and intracranial pressure 24 must be rigorous.
Further protocols should improve decision-making for DC to optimize patient selection and minimize treatment delays selecting the patient with acute HI that will mostly benefit from this therapeutic procedure. Based on our data and reviewing the literature, we may suggest the following criteria: age less than 60 years; early decision for surgery within the first 24 hours of stroke onset; patients with rapidly neurological worsening evaluated by GCS and NIHSS scores without signs of brain herniation; and finally subtle large and early acute ischemic lesions detected by the initial CT or MRI.
